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DOUBLE-STAR ASTRONOMY.

Ix attempting the history of any sabject there is always the same
initial difficulty to confront—where to]%c:gim There is an inherant
tendency to push back the date as far as possibls, and semetimes
a little further. This is true in the preseut instanee. Btars must
for ages have received attention because of their apparent proximity
toeach other, I think, however, we may fairly the year 1759
a6 the trus beginning of douhle-star astronomy. In this year Sir
W. Herschel commenced definitely the work which finaliy led to
the discovery of the real nature of these neighbouring suns. True
it is that he had at this time another purposs in view, and it is
vory difficalt, if not impossible, to say when the real mesning of
his labours disclosed itself to him. We might claim another
century, for Riceioli noted { Urse Majoris as double sbout the
middle of the 17th century, whils ]:[ug ena saw 8 Orionis quad-
ruple in 1656 *, and the duplieity of y Arietis was detected by
Hooke i 16564 1.

In addition to these it may be of interest t::dglim the date of
discovery of & few others which have become kuown in our

time :—
Disoovered by

aCracls . ............. Fontenay 1685 1
a%qntgqri e Richaud 1683'5
y Virginia ............ Bradley 171
{}aatnrg' ............... Bradley 1719
6 Cygni . .......... Dradley 1753
ZOANOIT s ioninrantrans Mayer 1756
elym ..o, Maakelyne 1765
a Herculis ............ Maskelyne 1777
7o Ophinebi .......... Herschel 779
Z Ursm Majoria ........ Herachel 1781

The discovery of a Centauri is usually sseribed to Feuillée || in
1709, from the faot thet he was the first to give an estimate of

* Huoyghens, * ra,’ p. t Pbil. Trans. No, . 1af,
Hirtoira do 1 pis ia 1686-164g, t. {i. (Paris, |?53Tp?:|9u
Mém. de I'Acad. depuis 1686-169g, L Vii. 2 (Paris, 1739) p. 206,

Journal des Observations physiques, &, 1. (Paris, 1774) p 425
A
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the relative positions of the components. The remarks of both
these observers are interesting. Richaud says :—* Regardant &
Yoceasion de la Cométe plusieurs fois les pieds du Centaure avec
una lunette d'environ dooze pieds, je remarqusi que le pied le plus
oriental et le plus brilliant étoit une dourlﬂs étoile aussi bien que
le pied de la croisade ; avec cette différence, que dana la croisade
une dtoile parsit avec Ia Junette notablement éloignée de l'autre ;
au lien quau pied da Centanre, les denx Stoiles issent méme
aver | lunette presque se touche ; guoique cependant on les dis-
tingue aisement.”

e stars were regarded not ss in real proximity, but acei-
dentally in the same visual line—one far bayond the other; and
this belief accounts for the fact that such psirs were not searched
for, their discovery being accidental. Wa find that immediately
their true character was only even suspected, the number of known
#ystams increased at a very rapid rate. It is true that Lambert
in 1761 * maintained that the stars wera suns analogous to our
Bun, and were sccompanied by a retinue of planets and comets;
and the Bev, John Michell in 1767 + found by the application of
the theory of chonces that the u‘?ing of stars was scarcely
accidental, and that double stars found by the telescope were for
the most part binary systems, These, however, were mere specu-
lations of one or two individuals,

In 1779 appeared a emall book entitled * De novis in Ceelo sidero
Phenominis in miris stellarum fixarum eomitibug,” by Christian
Mayer 3, wherein he spaculates as to the possibility of small suns
revolving around larger ones, but of courss he eould give no
ovidence. Mayer was & Jesnit Father observing at Mannheim
with an 8-foot Bird mursl quadrant, using a power of 85. He
collected all double stars known down to the year 1781, and by
adding his own discoveries formed a list of 8¢ pairs. This Cata-
logue waa published in Bode's * Astronomische Jahrbuch,’ 1784:
and as this may not be easy of acvess the following table (p. go)
will show the form employed (the stars are, of course, melecceft’mm
¥Arious 8 of the complete list).

1t will be seen that the quantities are very rough and afford no
basis for his specolations. Indeed his remarks s that he was
rather thinking of proper motions, for he says :—* Double stars
are those which are single to the naked eye, but which are
rated by & less or greater maguification, olten only by means oi a
very good telescope, into two stars a few seconds apart. . . . By
means of careful chservation of double stars it is poseible to dis-
cover proper motions,” The positions, in the last column, of the

: *Cosmologische Briefe iiber Emrichtung des Weltbuumes," J. H, Lambert,
1761,

t Phil. Trana. vol. Ivif. pp. 231-254, “An Inguiry into theﬂruh‘bhl'nmllu
a;ﬂrﬁhingnitmio of the Btars from the Quantity of Light which they
efford ge. . . "

{ Chriatian Mayer, 1705-1783.
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Eriract from Mayer's List.
(* Astronomische Jahrbuch,” 1784.)
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comes relative to the principal star are mere estimations. Mea-
suring the angle with reapect to the meridian was not possible nor
considered imPnrtanl: until the invention of Herschel's  revolving
micrometer ” 1n 1779

Having disposed of these preliminaries, we can now turn our
attention to Herschel's work ; and for this purposs we must begin
with his paper on the * Parallax of Fixed Stars,” read before the
Boyal Society, 1781, December 6.

He points out that * to find the distance of fixed stars has been
a problem which” many eminent astronomers have attempted to
solve ”; and that the csmse of non-success was dne in o great
measurs to the inherent difficulties of the methods adopted. In
general, the method of zenith-distances labours under the following
difficulties : refractions imperfectly known ; change of Earth's axis
:riui.ng from nutation ; precession and other causes not accurately

nowD. .

He then suggests the following method :—*Let O snd E be
two opposite points of the annual orbit, taken in
the u;amﬂ tT:l:iﬂ with l.wlnla stn:is, :Dtbnl;le bi:::r::d- b

magnitudes. Let the angle o

:ﬂm the Earth is at O, and let the angle aEb be
also observed when the Earth is at B. From the o
differences in thess angles, if any should be found,
we may caleulate the parallax of the stars, ac-
cording to & theory that will be delivered here-
after, Thesa two atars, for reasons that will seon

pear, ought to be as near each other as possible,
:fwbudiﬁerlsmnchinmagnihldeuwam
find them.” & %

He then goes on to say that Galileo and others
had & ted and tried this method, but had not avoided those
errors because they had not chosen stars very closs. The present
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method he shows to be free from the defects above enumerated,
and states that paraliaxes of o1 could be detected.

It is remarkable that this search after parallax should have
been so prolific in discoveries, and yet of so little value to the
main object. Bradley, Iabouring to obtain parallaxes, discovers
the sberration of light and the nutation of the Earth's axis, and
then Herschel, by the fact of observing two close stars in place
of distant omes, lights upon the most unexpected and froitfol
discovery of binary stara.

To return to Herschel's paper and the real ground- of the
department of double-star work. The superstructure is not what
the architect intended, and Herschel was himself the first to
point ocut the discrepamey :(—* Ae soon as I was fully satisfied
that in the investigation of parallax the method of double stars
would have many advantages above any other, it becams necessary
to look out for proper stars. This introduced a new series of
observation. I resolved to examine every star in the beavens
with the utmost attention and n very high power, that I might
colleet such materals for this research as would ensble me to fix
my observations upon those that would best answer my end.
The subject bas already proved so extensive and still promises so
rich a harvest to those who are inclined to be diligent in the
pursuit, that 1 cannot help inviting every lover of astronomy to
join with me jo observations that must inevitably lead to new
discoveries. I took some pains to find out what deuble stars had
been recorded by astronomers: but my situstion permitted me
not to eonsult extensive libraries, nor indeed was it very material ;
for as 1 intended to view the heavens myself, Nature, that great
volume, appeared to me to contain the best catalogue vpon this
oecoasion, . However, I remembered that the star in the head of
Castor, that in the breast of the Virgin, and the first star in
Aries had been mentioned by Cassini as double stars. I also
found that the nebula in (rion was marked in Huyghen's * Bystema
Saturnium ' as containing several stars, three of which (vow
koown to be four) are very near together.

“ With this small stock 1 begun, and in the course of a few
years’ obeervations have collected the stars contained in my
entalogue.”

Some forther remarks are interesting ss showing the non-
diffusion of useful knowledge at this period, and how extremely

re snd unsstisfactory were the few statements extant.
Herschel's own notes, under exactly similar circomstances, I shall
give presently. He says that  When at the Royal Observatory
in 1781 the Astronomer Royal® showed me a Herculis as a
double, stating that he had discovered it some years since. . . . ,
Mr. Hornby at Oxford mentions = Boitis as a double, . , . . It
is & little hard on young sstronomers to be obliged to discover
over again what has already been diseoversd " 1.

* Maskelyna. t W. Herschel, t738-1822.
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In this partioular instance, however, thers are few who coula
bring themselves to sympathise with Herschel. Had he even
known of Mayer’s catalogue, he might have been content to use
these stars, and then we should bave lost all his discoveries, ail
his messures, and with them also the early discovery of binary
stars. This papor literslly teems with the most useful informa-
tion, and I cannot resist quoting still further from his notes on
ohserving, which most donble-star observers even now either have

or have fallen into the babit of using. Awvd we must
basr in mind that Herschel had no clock-work to keep his stars in
the fleld ; this had to be dona with his hands.

“In settling the distances of double stars, I have cccasionally
used two different ways. Thoss that are extremely near each
other may be estimated by the eye, in measures of their own
diameters. For this purposs their distance should not much
exceed two dismeters of the largest, ss the eye cannot so well
meke & good estimate when the interval between them is greater.
This method hes often the preference to that of the micrometer :
for instance, when the dinmeter of & small star, perbaps not equal
to half a second, is double the vacancy between the two stars.
Here a micrometer ought to measure tenths of o second at least,
otherwise we could not, with any degree of confidence, rely on its
measures.”

The remaining part of the paper is very interesting, but is more
distinetly concerned with paraliax.

ln 1982, Jan. 10, Hemﬁzl published a catalogue of double stars
for :Iha uss of ohservers studying parallax. These he divides into
#ix clasees :—

1. Starsrequiring good telescopesand favourable circumstances
to separate. *

z. Btars proper for estimation by the eye or very delicate
micrometer measures.

3. All atars more than 5" and less than 15" apart,and cannot
be looked upon as free from the effects of refraction, &e.

“The 4th, sth, and 6th classes eontain double stars that ape
15" to 30", 30" to 60", and Go" to 120" or more apart. Though
these will hardly be of any service for the purpose of parallaz,
I have thought it not amiss to give an account of such sa T have
observed ; they may, perhaps, avswer another very important
end . , . . Beveral stars of the first magnitude have already been
observed, and others suspected, to have a proper molion of their
own; hence we may surmise that our Sun, with all its planetsand
ﬁnm&ts, may also have a motion towards some particular part of the

eavens.

Here, again, observations of double stars may serve for a purposs
other than parallax; but no idea as to their real future use seems
to have been entertained. The determination of proper motions
from micrometric measures is not regarded mow with so much
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favour, and yet I believe these observations capable of yielding
very accurate results.

To return, this first catalogue of 269 double stars is of great
importance, not only for the observations themselves, but for their
exhaustive character and orderly arrangement. As an example of
the amount of information and the thoroughness which charac-
tari%i:! Herschel's work, one excerpt from the catalogue will
20 S

“q Geminorum. FL 66, April 8, r778.

“ Double. A little unequal. Both W. The vacancy between
the two stars, with a r of 146, is 1 diameter of §; with 222,
a little more than 1 diameter of L ; with 227, 1} diamerers of 8;
with 4fio, near 2 diameters of L (sse fig. 6); with 754, 2 diameters
of L; 3168 the interval extremely large, and still pretty distinet.
Digtance by micrometer 5™156. Position 32° 47" » preceding.
These are all 8 mean of the last two years' observations, except the
firat with 146."

The first class contained 17 stars, the second class 38, and
amongst them the following :—

First Clasa, Beaond Class.
Btar, Flirst ohaervation, Btar, Firat obsarvation.
e Boiitla ........| 1779, Bept. g Y a Geminor. ......| 1778, April 8
E Ursm Maj.......| 1782, May 2 | & Herculis ....| 1775 dug. 23
o Corone .........] 1780, Aug. 7 | pHeroulis ......| 1779, Aug zg
n Coronm .........| 1780, Bept. g e Lyrm ............ 1779, Aug. 29
L Canerl .voonad 1780, Nov, ar § Aquerii cooieen 21779, Sepl. 12

Bo far as 1 can ascertain, the first star measured belonged to
the third class, viz. § Orionis, 1776, November 11. After this
paper had been read, Herschel saw Mayer's memoir, * De novis
in Celo siders Phenomenis,” which is contained in the 4th volume
of the * Acta Academis Theodoro Palatine,' saud acknowledges in
8 postscript that Mayer had the idens before him. He also says
that he purposely nsed the expression “ double star ” in praference
to such words as comes, companion, eatellite, ** beeause, in his
opinion, it is much too early to form a theory of small stars
revolving around fsrger ones,” In the words of W. Struve, these
B tions * n'abtinerent point, & cette dpoque, I'approbation de

nstronome calme de Slongh.” He found that 31 of Mayer's stars
were not in his eatalogue.

An th paper of this calibre naturally set astronomers to
work, in the * Philosophical Transactions,’ 1983, November 27,



